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PRELIMINARY EVALUATION OF T-111 CLAD L?N FUEL SPECIMENS FROM 
2500-HOUR 1040°C (lgOO°F) LITHIUM LOOP TTS'I' 

Gordon K. Wa-kson 

ABST'RAC T 

Uranium mononitride (UN) cglinders clad with tungsten-lined T-111, a t a n t a -  
lum a l loy ,  were exposed a t  1040 C (1900°F) t o  flowing l i t h ium i n  a pumped lithium 
loop. Two f u e l  element specimens were removed af ter  2500 hours and evaluated. 
The specimens were compatible with flowing l i thium based on appearance, weight 
change, chemistry, and metallography. Room temperature d u c t i l i t y  t es t s  of t he  
T-111 cladding resulted i n  b r i z t l e ,  intergranular  f r ac tu res .  
be restored by heat ing a t  1315 C (24OO'F) f o r  one hour i n  vacuum. 

D u c t i l i t y  could 



PRnIMINARY EVALUATION OF T-111 CLAD UN FUEL SPECIMENS FROM 
~ ~ O O - H O U R  i 0 4 0 O c  ( i g o o O ~ )  LITHIUM LOOP TEST 

Gordon K.  Watson 

SUMMARY 

Uranium mononitride (UN) f u e l  specimens were exposed a t  10boC (190OOF) t o  
flowing l i th ium i n  a pumped loop. 
a tantalum a l l o y .  Two of the  f u e l  element specimens were removed from t h e  loop 
a f t e r  2500 hours and evaluated on the  bas i s  of chemistry, metallography, weight 
and dimensional changes, and cladding d u c t i l i t y .  

The UN was clad with tungsten-lined T-111, 

The two fuel element specimens appeared t o  be i n  excel lent  condition a f t e r  
the  t e s t .  Visual examination revealed no evidence of corrosion. Only minor weight 
changes were observed and no dimensional changes were noted, 
reduction i n  t h e  oxygen content of t h e  T-111, very l i t t l e  change i n  chemistry 
w a s  observed as a r e s u l t  of the  l i th ium exposure. No microstructural  changes 
were noted i n  t h e  UN, but some changes were observed i n  the  T-111. Bands of f ine,  
unident i f ied p r e c i p i t a t e s  could be seen i n  the T-111 af ter  the  25OO-hour exposure. 
These p r e c i p i t a t e s  a r e  thought t o  be due t o  simple thermal aging r a t h e r  than 
the  r e s u l t  of t h e  l i thium exposure. 

Except f o r  a s l i g h t  

Although t h e  T-111 appeared i n  excel lent  condition after t h e  l i th ium exposure, 

The cause of t h e  b r i t t l e  behavior is  not f u l l y  understood 
room temperature d u c t i l i t y  tests of t h e  T-111 cladding resul ted i n  b r i t t l e ,  
in te rgranular  f rac tures .  
a t  t h i s  t i m e ,  but one possible  explanation i s  hydrogen embrittlement during 
t h e  pos t - tes t  l i th ium cleaning operation. 
restored by heat ing the  T-111 cladding f o r  one hour a t  1315OC ( 2 4 0 O O F )  i n  vacuum. 

Room temperature d u c t i l i t y  could be 

INTRODUCTION 

A fast spectrum, l iquid-metal  cooled reactor  f o r  space power appl icat ions is  
being invest igated a t  the  NASA-Lewis Research Cgnter ( r e f .  1). 
tureofor  theoreactor  i s  t o  be about 9boC ( 1 b O  F) with the  p o s s i b i l i t y  of 
1040 C (1900 F) hot spots.  
f o r  the  proposed reactor  cons is t  of uranlum nononitride (UN) cylinders clad with 
T-111, a tantalum-based a l l o y  containing eight weight percent tungsten and two 

. weight percent hafnium. The T-111 i s  separated from the UN f u e l  by a t h i n  layer  
Of tungsten t o  prevent contact and possible react ions of the f u e l  and cladding. 
The results of isothermal t e s t s  i n  l i thium f i l l e d  T-111 capsules showed t h z t  
theseomaterials a r e  chemically compatible with l i thium up t o  a t  l e a s t  1260 C 
(2300 F).  No compat ibi l i ty  tests, however, have been conducted on t h e  f u e l  
elements under the  more severe conditions present i n  a pumped-lithium loop. 

Operating tempera- 

Lithium i s  t o  be used as the  coolant. The f u e l  elements 
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The pur ose of t h i s  study was t o  t e s t  simulated f u e l  element specimens i n  a 8 1 0 b ° C  (1900 F) l i thium loop f o r  times up t o  7500 hours. 
of UN cyl inders  clad with tungsten-lined T-111. 
f u e l  element specimens were t o  be done a t  the NASA-Lewis Research Center. The 
exposure of t h e  f u e l  element specimens i n  a 1 0 b ° C  (1900°F) l i th ium loop  w a s  
performed under NASA Contract NAS3-6475 by General E l e c t r i c  '20.-Nuclear Systems 
Programs. The loop w a s  successful ly  operated f o r  the  planned 2500-hour i n i t i a l  
t e s t  period. During a planned shutdown, two of the three  f u e l  element specimens 
were removed and two new f u e l  element specimens were i n s t a l l e d .  Operation of 
t h e  loop was then resumed f o r  another 5000 hours. The r e s u l t s  of t h e  i n i t i a l  
evaluation of the  two f u e l  element specimens removed from the  loop a f t e r  2500 
hours are presented i n  t h i s  report .  The f u e l  element specimens were evaluated 
pr imari ly  on t h e  basis of chemistry, metallography, weight and dimensional change, 
and cladding d u c t i l i t y .  

These specimens consisted 
Fabrication and evaluation of the 

. 

LITHIUM LOOP DESCRIPTION 

The 1 0 b o C  (1900OF) l i thium loop used i n  t h i s  study was designed, fabr icated,  
and operated by General E l e c t r i c  Co.-Nuclear Systems Programs (GE-NSP) under 
NASA Contract NAS3-6474. 
h i s t o r y  f o r  the  i n i t i a l  2500 hours i s  avai lable  i n  References 2 t o  6. 

A de ta i led  descr ipt ion of the  loop and t h e  operating 

A schematic of the l i thium loop and a cross  sec t ion  of the  f u e l  specimen 
tes t  sec t ion  are shown i n  Figure 1. I n  addition t o  t h e  f u e l  specimen t e s t  sect ion,  
a t e n s i l e  t e s t  specimen assembly (containing advanced tantalum and tungsten a l l o y s )  
and a corrosion specimen assembly (containing T-111 and advanced tantalum a l loys)  
are included i n  the  loop. 
surge tank (not shown i n  f i g .  l), w a s  fabr icated from T-111. The l i q u i d  l i thium 
i s  pumped through t h e  loop by an electromagnetic pump. A coiloof T-lli, heated by 
e l e c t r i c a l  res is tance,  i s  used t o  heat the l i thium t o  t h e  1040 C (1900 F) 
operating temperature. The loop i s  contained i n  a 61 centimeter (24-in.)  dkameter 
vacuum ch mber capable sf 
1 .3  x lo-' newton/meter (10 - 8 v ~ ~ ~ - '  t o r r )  range. Three T-111 c lad UN specimens 
a r e  arranged i n  s e r i e s  i n  t h e  f u e l  specimen t e s t  sec t ion  as shown i n  Figure 1. 
v e l o c i t y  of l i thium i n  t h i s  sect ion is  1.5 meters (5  f t . )  per second. 
element specimens are centered i n  the t e s t  sect ion by two molybdenum a l l o y  
(TZM) spacers.  
f l e c t o r s  of the proposed reactor  a r e  t o  be fabricated from the  TZM al loy.  It i s  
hoped t h a t  t h i s  loop t e s t  w i l l  provide some information on the  compatibi l i ty  of 
t h e  TZM a l l o y  i n  a flowing lithium-T-111 system. 

The e n t i r e  loop, with t h e  exception of the  Cb-1Zr 

a uring loop operation i n  t h e  1.3 x 10- t o  

Flow 
The f u e l  

These spacers are  included i n  the loop because the  neutron re-  

The t h r e e  f u e l  element specimens, designated LT-1, LT-2, and LE-3 (seeo 
f i g .  1) were exposed t o  the  flowing l i thium f o r  2500 hours a t  1900 F (1040 C ) .  
Following a scheduled shutdown, two f u e l  element specimens (LT-1 and LT-3) were 
removed. 
of t h e  loop w a s  resumed f o r  an addi t ional  5000 hours. 
element specimens i s  being done a t  the  NASA-Lewis Research Center. 

Two new f u e l  specimens (LT-5 and LT-6) were i n s t a l l e d  and operation 
Evaluation of the  f u e l  

Evaluation Of 

' a l l  o ther  loop components i s  being done a t  GE-NSP. 
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FUEL ELEMENT SPECIMEN FABRICATION 

The f u e l  element specimens used i n  the loop tes t  were fabricated a t  the NASA- 
These specimens consisted of 94 percent dense UN cylinders . Lewis Research Center. 

clad with T-111. Details  of the specimen design a r e  shown i n  Figure 2. 

The UN cylinders were produced by the Oak Ridge National Laboratory (ORNL) 
using a d ie  pressing and s i n t e r i n g  technique. The f a b r i c a t i o n  methods a re  
described i n  d e t a i l  i n  Reference 7. Analyses of t h e  UN cyl inders  a r e  l i s t e d  i n  
Table I. Note t h a t  there  i s  some disagreement between vendor analysis  and check 
analysis .  The problems associated with obtaining good agreement of UN a n a l y t i c a l  
r e s u l t s  have been discussed previously ( r e f s .  7 and 8). 

The T-111 tubing (1- OD x lmm w a l l )  (0.750" OD x 0.040" w a l l )  f o r  the  
cladding and t h e  T-111 rod f o r  the  end caps were obtained from commercial vendors. 
P r i o r  t o  f u e l  element assembly, a l l  T-111 components were cleaned with acid 
(two p a r t s  HF, four  p a r t s  HNO , one p a r t  H SO4, two p a r t s  H Ob) thoroughly rinsed, 
and a i r  dr ied.  
hour i n  vacuum (2.7 x lom3 newton/meter ( 2  x lO-'torr) o r  b e t t e r )  t o  remove 
any v o l a t i l e  absorbed impurit ies.  

The T-111 comJonents wese $hen he ted t o  10% C (200OOF) f o r  one 

Contact and possible react ions of the UN f u e l  with t h e  T-111 cladding was 
prevented by a t h i n  (0.13mm) (0.003 i n . )  layer  of tungsten between the  f u e l  and 
cladding. The tungsten l i n e r s  f o r  f u e l  element specimens LT-1, LT-2, and LT-3 were 
fabricated by gas-pressure bonding multiple wraps of tungsten f o i l  (0.025mm) 
(0.001 i n . )  around a molybdenum mandrel. 
form of a thin-wall, f r e e  standing tungsten tube having very accurate dimensions. 

The f inished tungsten l i n e r  w a s  i n  t h e  

Tungsten d iscs  (0.25mm (0.010 i n . )  thick) were used t o  prevent contact of t h e  
UN f u e l  with the  end caps. The UN f u e l  cylinders were a x i a l l y  positioned by 
dished tungsten washers. The purpose of the gap between the  f u e l  and the  end 
caps w a s  t o  minimize heat input t o  the  f u e l  during welding of t h e  end caps t o  t h e  
cladding. Another purpose of the gap w a s  t o  allow f o r  thermal expansion 
differences between the  f u e l  and cladding. 

During assembly of the  f u e l  element specimens, "white glove" handling 
techniques were used and every e f f o r t  was made t o  prevent contamination. The 
female end cap of each specimen was welded t o  the cladding by e lec t ron  beam 
welding. 
(2.7 newton/meter ( 2  x t o r r )  o r  b e t t e r ) .  The tungsten components and 
t h e  UN f u e l  cylinders were positioned i n  the f u e l  element specimens, and the  
male end caps were e lec t ron  beam welded in  place. Final ly ,  t h e  assembled f u e l  
e l e  en t  specimens were ann aled a t  l 3 l 3 O C  (240OOF) f o r  one hour i n  vacuum (2.7 x 
lo-' newton/meter ( 2  x 
anneal i s  t o  prevent grain boundary corrosion of the  welds i n  a l iqu id  metal 
environment. Following annealing, t h e  fuel  element specimens were checked f o r  
cracks and defects  by a helium mass spectrometer leak de tec tor  and by v isua l  
examination. 

Then t h s  assembly w a s  annealed a t  1 3 1 5 O C  (2400'F) f o r  one hour i n  vacuum 

t o r r )  or b e t t e r ) .  The purpose of t h e  post-weld 
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POST TEST EVALUATION 

General Observations 

The two f u e l  element specimens (LT-1 and LT-3), removed from t h e  l i th ium 
loop after 2500 hours a t  1 0 4 0 ° C  (19OO0F), appeared t o  be i n  excel lent  condition 
as can be seen i n  Figure 3. Visual examination revealed no discolorat ions 
o r  any other  evidence of corrosion. No leaks o r  cracks were found i n  t h e  
specimens as determined by dye penetrant inspection and by a mass spectrometer 
leak detector .  
changes were noted (see Table 11). A s l i g h t  weight loss  on both specimens w a s  
measured a t  GE-NSP; whereas, a s l i g h t  weight gain w a s  observed when the  specimens 
were weighed a t  NASA. The difference i n  the observed weights does not appear t o  
be s ign i f icant  and is  probably because of differences i n  t h e  balances or  weighing 
procedures. 
does not appear s i g n i f i c a n t  when compared t o  the  overa l l  weight of the f u e l  
element specimen ( 1. 136 grams). 

No dimensional changes were observed, and only minor weight 

I n  addition, the maximum weight change observed (0.0033 gram) 

The male end cap w a s  carefu l ly  cut from each f u e l  element specimen using a 
hacksaw. The two UN f u e l  cylinders i n  each specimen were removed e a s i l y  and 
no evidence of any react ion between the tungsten l i n e r  and the UN f u e l  was  
observed. The tungsten l i n e r s ,  however, could not be removed from the T-111 
claddings. These l i n e r s  were loose p r i o r  t o  the  exposure i n  t h e  loop, but probably 
a s l i g h t  amount of s o l i d - s t a t e  welding occurred between t h e  l i n e r  and t h e  cladding 
as a r e s u l t  of the  long thermal exposure. 
components were examined, and they a l l  appeared clean and br ight  (as shown i n  f i g .  

A l l  of the f u e l  element specimen 

4) ' 
Chemical Analysis 

Samples of t h e  T-111 end caps and T-111 cladding from specimens LT-1 and 
LT-3 were analyzed f o r  i n t e r s t i t i a l s  and major const i tuents  a f t e r  2500 hours i n  
the  l i th ium loop. The r e s u l t s  a r e  compared i n  Table I11 t o  similar mater ia l  
p r i o r  t o  t e s t i n g .  
very l i t t l e  change i n  chemistry w a s  observed as a r e s u l t  of t h e  l i th ium exposure. 
The reduction i n  oxygen content i s  typ ica l  of metals exposed t o  l iqu id  l i thium. 
The var ia t ions  i n  the  tungsten and the hafnium contents a r e  probably within t h e  
range of inhomogeneity and ana ly t ica l  inaccuracies. 

Except f o r  a reduction i n  t h e  oxygen content of the T-111, 

Because of the  problems i n  obtaining good a n a l y t i c a l  agreement on UN, no 
attempt was made a t  t h i s  time t o  analyze the UN from the  f u e l  element specimens 
exposed t o  l i th ium f o r  2500 hours. The UN from a l l  t h e  specimens, along with 
representa t ive  samples of untested UN, w i l l  be analyzed a t  the  same time upon 
completion of the e n t i r e  (7500 hours) l i t h i u m  loop t e s t .  ' 

Metallography 

The lithium-exposed f u e l  element specimens were examined metallographically 
and compared t o  an untested specimen. Figure 5 shows an end-cap weld a rea  of 
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specimens LT-1 and LT-3 and of the untested sample. The only noticeable change 
i s  t h a t  dark bands can be seen i n  t h e  LT-1 and LT-3 specimens. 
n i f i c a t i o n  ( f i g .  6), these bands appear as f i n e  p r e c i p i t a t e s .  
have not been ident i f ied ,  but they a r e  probably t h e  r e s u l t  of local ized areas  
of inhomogeneity i n  t h e  T-111. In  addition t o  the  bands of prec ip i ta tes ,  some 
grain boundary p r e c i p i t a t e s  can be seen i n  t h e  T-111 of t h e  t e s t e d  samples ( see  
f i g .  6). 
aging and not the  r e s u l t  of t h e  l i thium exposure. 

A t  higher mag- 
These p r e c i p i t a t e s  

Both types of observed prec ip i ta tes  are probably the  r e s u l t  of thermal 

Examination of t h e  T-111 cladding f r o m  t h e  lithium-exposed specimens showed 
no evidence of l i th ium corrosion and no contamination of the  T-111 by e i t h e r  t h e  
UN f u e l  or t h e  tungsten l i n e r .  A s  can be seen i n  Figure 7, t h e  T-111 cladding 
appeared i n  good condition a f t e r  the l i thium exposure except f o r  t h e  precipi-  
t a t e s  described previously. 

A metallographic comparison ( f i g .  8) of t h e  UN before and a f t e r  t e s t i n g  
showed no change as a r e s u l t  of the  l i thium exposure of t h e  f u e l  element 
specimens. The 2500-hour t e s t  had no apparent e f f e c t  on density,  grain s ize ,  o r  
o v e r a l l  appearance. 

Duct i l i ty  Tests 

D u c t i l i t y  t e s t s  were conducted on the T-111 cladding from the  lithium- 
exposed specimens and on the  T-111 cladding from an untested specimen. Rings, 
approximately three  mill imeters (1/8 in .  ) wide, were cu t  from the  specimens using 
a water-cooled s i l i c o n  carbide abrasive saw. The cu t  surfaces were ground with 
400-grit s i l i c o n  carbide paper. 
ing the  r ings i n  a hydraulic compression machine a t  a r a m  speed of one inch 
(2.5cm) per minute. Rings from both lithium-exposed samples (LT-1 and LT-3) 
f a i l e d  i n  a b r i t t l e  manner. Conversely, the untested sample was very d u c t i l e  and 
could be f l a t t e n e d  completely with no evidence of any cracking. Examples of 
t h e  r i n g  d u c t i l i t y  r e s u l t s  are shown i n  Figure 9.  The tungsten l i n e r  can be 
seen separat ing from the  cladding of t h e  rings cu t  from specimen LT-1 and LT-3. 
The intergranular  nature of the  b r i t t l e  f rac tures  can be seen i n  Figure 10. 

The cladding d u c t i l i t y  was determined by f l a t t e n -  

I n  an attempt t o  f ind  the  cause of the b r i t t l e  behavior of t h e  lithium- 
exposed samples, scanning e lec t ron  micrographs were made of the  fractured surfaces .  
The in te rgranular  f r a c t u r e  behavior i s  obvious i n  t h e  fractographs shown i n  Figure 
11. Small p a r t i c l e s ,  as yet  unidentified,  can be seen on the  grain boundaries, 
but there  i s  no evidence of any continuous grain boundary f i lm.  

One possible  explanation f o r  the observed behavior i s  hydrogen embri t t le-  
ment. Hydrogen could be produced by moisture reac t ing  with t r a c e  amounts of 
l i th ium remaining on the  samples a f t e r  the p o s t - t e s t  c leaning operation. 
Although t h e  bulk analysis  of the b r i t t l e  samples indicated t h a t  the hydrogen 
content i s  l e s s  than one-half par t  per million, possibly the  hydrogen content of 
t h e  grain boundaries could be much higher. Additional evidence t h a t  the  b r i t t l e  
behavior of the T-111 might be because of hydrogen i s  t h a t  annealing the  embrit t led 
samples f o r  one hour a t  2400°F ( l 3 l 7 O C )  in  vacuum restored the  room temperature 
d u c t i l i t y  t o  the  T-111. However, more work is  necessary t o  e s t a b l i s h  the  v a l i d i t y  
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of  the  hydrogen embrittlement hypothesis. 

SUMMARY OF RESULTS 

Uranium mononitride (UN)  f u e l  specimens clad with tungsten-lined T-111 have 

Two f u e l  element specimens were removed from t h e  loop a f t e r  

' been ex osed t o  l i th ium flowing a t  1 .5  meters ( 5  f t . )  per second i n  a pumped loop 
a t  1040 C (1WOOF). 
2500 hours, and the  i n i t i a l  evaluation of these  two specimens has been completed. 
The major r e s u l t s  of t h i s  evaluation a r e  l i s t e d  below. 
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1. 

2. 

3. 

The UN f u e l  specimens clad with tungsten-lined T-111 are  compatible 
with flowing l i th ium f o r  up t o  2500 hours a t  1 0 b ° C  (1WOOF) based on 
appearance, weight change, chemistry, and metallography . 
The T-111 cladding from t h e  f u e l  element specimens fractured i n  a b r i t t l e ,  
in te rgranular  manner when subjected t o  room temperature f l a t t e n i n g  tests.  
The cause of t h i s  b r i t t l e  behavior i s  not known, but it might be because 
of hydrogen embrittlement from moisture reac t ing  with t r a c e  amounts of 
l i th ium on the  specimens. 
i n  vacuum restored room temperature d u c t i l i t y .  

Heating t h e  cladding f o r  one hour a t  1 3 1 3 O C  (2bOOF) 

Bands of f i n e  p r e c i p i t a t e s  were observed i n  the  T-111 a f t e r  exposure. The 
p r e c i p i t a t e s  probably a r e  due t o  thermal aging and not t h e  r e s u l t  of 
t h e  l i th ium exposure. 
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TABLE I 

CHEMICAL ANALYSES OF UN FUEL PELLETS 

USED I N  FUEL ELEMENT SPECIMENS 

Element Vendor Analysis Check Analysis 

Uranium 94 * 56% - 

Nitrogen 5 31% 4.96% 
4.977 
4 . 9 d  
733ppm 
913PPm 
795ppm 

a )  Oxygen 1490ppn. 

Carbon 

(a) Par t s  per  mill ion,  by weight. 

TABLE I1 

WEIGHTS OF FUEL ELEMENT SPECIMENS BEFORE 

AND AFTER 2500-HOUR EXPOSURE TO FLOWING LITHIUM AT 10hO°C (190OOF) 

Weight (Grams) 
Fuel Specimen No. Before Test After  Test Change 

135 * 9871 135 * 9901 +O 0030 
135 9875 135 * 9853 -0.0022 

135 5784 135-5817 x) - 0033 
135 * 5796 1-35 * 5769 -0 0027 

(a) Weighed a t  NASA-Lewis Research Center 
(b)  Weighed a t  GE-NSP 
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TmLE I11 

CHEMICAL ANALYSIS OF FUEL ELEMENT CLADDINGS 

AND END CAPS AFTER 2500-HOUR EXPOSURE 
TO FLOWING LITHIUM AT 1 0 k l ° C  (1900°F) 

Par t s  Per  Million (By Weight) Weight Perc en% 
C 0 N H W H f  

T-111 Cladding 

Untested 61 72 22 1 7.70 2.22 

LT- 3 71. 27 15 0.5 7.63 2.20 
LT- 1 69 35 20 ' 0.5 7.92 2.09 

T-111 End Cam 

Untested 24 68 12 1 7-51 2.19 

LT- 3 33 45 10 I 0.5 7.55 2.02 
LT- 1 53 47 10 '. 0.5 7.88 2.14 



uxlp SCHEMATIC 

Speclmen 
LT-3 

Specimen 
LT-2 

Specimsn 
LT-1 

FUEL EIAEmw 
TEST SECTION 

Figure 1 - Loap rchematlc and -1 elsaaent t e a t  rectlon of 10bO°C (1910°F') 
llthiua 1-a 



Dished Tungsten Washer 
(0,025 cm) (0.010") T-llf! Tub* (1.9cm O.D. x 0.1 

cm w a l l )  (0.750"O.D. x O.ObO~t3all) 

( 0.013 cm Tk.)(O.OOS"Tk.) 
Tungsten Liner 

1- 3.30 cm (1.30") --I ! I 
I 
I 

4.70 cm (1.85") P 
i 
?- 

Figure 2 - Design of fuel element specimen wed in 10bO°C (1900°F) 
l i th ium loop test. 
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C-70-2902 

Figure 4. - Fuel element specimen LT-1 disassembled af ter  2500 
hours  in  1040° C ( 1900° F) lithium loop. 
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(a) Specimen LT-1. (b) Specimen LT-3. 

(c) Untested. 

Figure 5. - End cap weld a r e a  of fuel element specimens in both the untested condi- 
tion and a f t e r  2500 hours  in 1040° C (1900O F) lithium loop. Magnification, X25. 
Etchant - 30 g r a m s  ammonium bifluoride, 50 ml ni t r ic  acid, 20 ml water. 
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(a) Untested UN. X100. 

(b) U N  f rom specimen LT-1 after 2500 hours  in lithium 
loop. x100. 

Figure 8. - Comparison of UN fuel in the untested con- 
dition and after 2500 hours in 1040° C (1900° F) 
lithium loop. Etchant - 60 ml lactic acid, 24 ml 
ni t r ic  acid, 2 ml hydrofluoric acid. 



(c) Untested UN. X500. 

(d) U N  f rom specimen LT-1 after 2 S O O  hours  in  lithium 
loop. X500. 

F igure  8. - Concluded. 
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(a) X100. 

(c)  X2500. 

(b) X500. 

(d) X5000. 

F igure  11. - Scanning electron micrographs of f ractured surface of ring ductility 
tes t  on T-111 cladding f rom fuel element specimen LT-  1. 

NASA-Lewis-Com’l 


